Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



557. 4 Leonard, A. 
N85L 

BRAN The Geoloqlcal Map 
of North Dakota 




STANFORD 
LIBRARIES 



/V;J 



U' 



The Geological Map of North 
Dakota 



Arthur Gray Leonard, 




Reprinted irom The Quabteslv Journal, of the University ol North 
Dakota, Vol. IV, No. i, October, 1913. 

Copyrlshl. leiS. 



5/ 



The Quarterly Journal 

Volume 4 OCTOBER, 1913 Number 1 



The Geological Map of North 

Dakota 

Arthur Gray Leonard^ 

Professor of Geology, University iof North Dakota, and Director 

of the State Geological Survey 

ON the accompanying geological map of North Dakota is shown 
the distribution of the different rock formations of the State. 
The glacial drift which forms a mantle of varying thickness over- 
lying the older rocks thruout most of the region is not represented. 
The map thus gives the areal distribution of the formations as nearly 
as this can be determined beneath the covering of glacial deposits. 

It is only recently that sujfficient data have been at hand for the 
preparation of even an approximately correct geological map of the 
state and there is still much to be learned regarding the distribu- 
tion and extent of several of the formations. The map which is 
herewith presented can hardly be regarded, therefore, as more than 
provisional and intended to reCord the present state of our knowledge 
regarding the geology of the region. 

As indicated on the map, the geological formations occurring in 
North Dakota all belong to the Cretaceous, Tertiary and Pleistocene 
periods. Some were deposited in the great sea which at one time 
covered the Great Plains region; others were formed in lakes or 
were deposited by rivers, while still others owe their origin to ex- 
tensive continental glaciers. 

CRETACEOUS SYSTEM 

DAKOTA SANDSTONE 

The Dakota sandstone, which lies at the base of the Cretaceous, 
does not appear at the surface anywhere in the state, but has been 
reached in many deep wells. It is of economic importance in North 
and South Dakota, as the source of artesian water. Over most of 
the state it lies at considerable depth below the surface. In the 

Copyright, 1913, University «f North Dakota. 







4 The Quarterly Journal 

eastern counties it has been struck at depths varying from looo and 
less to 1450 feet. The Devils Lake well reached the sandstone at 
1 43 1 feet and at Jamestown it was encountered at about 1450 feet, 
while further south and east it lies nearer the surface. 

The rock is a gray and brown sandstone containing layers of 
clay or shale. At the base of the formation there is sometimes a 
conglomerate. The sandstone varies from rock that it quite firm 
to loose sand which is barely consolidated and is frequently so soft 
as to be readily excavated with a pick. Fossil leaves are very abun- 
dant in places and the flora of the Dakota sandstone includes no 
less than 450 species of plants. 

The thickness of the sandstone varies widely at different points 
but it is seldom more than 5(X) feet and is commonly less. 

BENTON SHALE 

The Benton shale is exposed at the surface only in the north- 
eastern corner of North Dakota, where it outcrops for a few miles 
along the Pembina river. It has also been penetrated in a number 
of deep wells. The Benton shale is a dark gray, almost black shale, 
containing considerable carbonaceous material. It is soft, fissile, 
and in places weathers to a plastic clay. It sometimes breaks readily 
into thin flakes and occasionally has a strong odor of petroleum. The 
shale contains considerable iron pyrites. About 150 feet of Benton 
shale are exposed on the Pembina river, opposite the mouth of the 
Little Pembina river. It has here been used for brick making. 

NIOBRARA FORMATION 

Y The Niobrara shale outcrops in the Pembina mountains which 

form a wooded escarpment on the west side of the Red River val- 
ley. Its outcrop forms a narrow belt extending nearly thirty miles 

I south of the Canadian boundary. A calcareous clay exposed at 

j Valley City is also probably to be referred to the Niobrara forma- 

! tion. 

The rock is a bluish gray, moderately hard, calcareous shale. It 
contains numerous small white specks of lime which give it a finely 
mottled appearance plainly seen on a fresh fracture. This lime 

' content is due almost wholly to minute Foraminifera. Under the 

microscope the two species which are particularly common are seen 
to be Globigertna cretacea and Taxtularia globulosa. The 
shells of these Foraminifera constitute the greater part of the 
chalk of the European Cretaceous. The fact that these min- 
ute animals are mingled with a considerable amount of clay, some- 
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times fully one-half of the rock being clay, indicates that these forms 
will live in water containing a large amount of sediment. The 
amount of lime carbonate present in the rock varies from 20 to 75 
per cent, and some of the layers have nearly or quite the composi- 
tion of a natural Portland cement rock. Many of the beds are 
suitable for making natural hydraulic cement and are used for this 
purpose. 

Wherever the Niobrara formation is exposed in the Pembina 
mountains it maintains a fairly uniform character thruout its thick- 
ness of 150 feet or more. By far the greater portion of the aggre- 
gate thickness is formed of a rather dark bluish-gray mottled rock 
which varies from 55 to 65 per cent of lime carbonate in passing 
from one layer to another. Generally the more mottled the rock 
appears the higher it is in lime. Between these thicker layers 
of rock high in lime carbonate are others much thinner, varying from 
a few inches to a foot in thickness, which are much lower in lime. 

The Niobrara strata of the Pembina mountain region have 
yielded a number of invertebrate and vertebrate fossils. Among 
the formr are Inoceramus labiatus and specimens of Ostrea and 
Anicula, The large diving bird, Hesperornis, several species of fishes, 
Plesiosaurus and the vertebrae of a crocodile have also been found. 

PIERRE SHALE 

As shown on the map, the Pierre shale covers a large area in 
eastern North Dakota, extending from 70 to 160 miles west of the 
Red River valley. It also outcrops in two small areas, one along 
the Missouri river and another on Little Beaver creek, in the south- 
western corner of the state. Thruout the large eastern area the 
Pierre is for the most part covered by a heavy mantle of drift and 
only where the streams have removed this glacial deposit is the shale 
exposed to view. The best outcrops are found in the ravines and 
valleys of the Pembina mountain region, where the beds forming the 
lower 3CX) to 400 feet of the formation are well shown. At the 
base are seen black to dark brown carbonaceous shales, which contain 
many thin layers of yellow or white clay. These black and yellow 
bands present a striking appearance and the great extent of terri- 
tory covered by them is remarkable. They occur at Valley City, 
outcrop at intervals for a distance of 30 miles along the Pembina 
mountain escarpment, and extend at least 250 miles northwestward 
in Canada, where they have been noted in the Riding and Duck 
mountains. The black bands vary in thickness from eight to four- 
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teen inches and the yellow from one to four inches and over. The 
typical Pierre overlying these basal beds is a dark to light bluish 
gray shale which in weathering breaks up into small flakes. 

Where the upper portion of the formation is exposed, as in the 
small area in southwestern North Dakota, it is found to contain 
many calcareous concretions, some of them being five or six feet in 
diameter. These are rich in marine shells, about 20 species having 
been found in the above locality, among them the nautilus and 
baculite. 

FOX HILLS SANDSTONE 

The uppermost of the marine formations in this region is the 
Fox Hills sandstone, which outcrops about the Pierre areas in south- 
central and southwestern North Dakota. It is particularly well 
shown on the Cannon Ball river for a distance of 10 or 12 miles 
above the mouth, where it forms vertical cliffs rising from 80 to 90 
feet above the river, or 1680 feet above sea level. As exposed here 
the rock is a yellow, brown or gray, rather soft sandstone. Cross- 
bedding is very common, and the rock contains great numbers of 
large and small ferruginous sandstone concretions, many of them 
also exhibiting cross-bedding. The concretions are apparently due 
to the segregation of the iron in certain portions of the rock, cement- 
ing the sand into firm, hard masses, considerably harder than the 
sandstone in which they are imbedded. These nodules or concretions 
vary in size from an inch and less to six and eight feet. Small, ir- 
regular, twisted, or stem-like forms are abundant at certain points. 
Some portions of the rock are so completely filled with these brown 
concretions that they constitute the main bulk of the formation, and 
the gray, loosely cemented sandstone forms a kind of matrix in which 
the hard nodules are imbedded. In the process of weathering these 
more resistent nodules project beyond the softer rock, and at the base 
of slopes and scattered over the surface they are exceedingly abun- 
dant. Many of the concretions are of good size and spherical in 
shape, and it is these which have given its name to the Cannon Ball 
river, since they occur abundantly along this stream. 

On Little Beaver creek, in Bowman County, the Fox Hills is 
composed of 60 feet of massive gray sandstone, which weathers to 
a yellow color, and below this is 25 feet of sandy clay formed of 
light and dark laminae. 

This sandstone contains marine shells which establish its age 
as Fox Hills beyond doubt, according to Dr. Stanton. 
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CRETACEOUS OR TERTIARY ROCKS 

LANCB FORMATION 

This name has recently been adopted by the United States Geo- 
logical Survey for the formation which has been variously called 
the "Ceratops beds," "Lower Fort Union," "Laramie," "Hell 
Creek beds," and "Somber beds." The name is derived from the 
term "Lance Creek beds," which was applied to the deposits by J. 
D. Hatcher in 1903, being taken "from the principal stream in the 
region where they are best represented in Converse County, Wyo- 
ming." 

The Lance formation occurs in two areas in North Dakota, one 
in the south-central part of the state and another in the southwestern 
corner. In the former area numerous good outcrops are found 
along the Missouri, Cannon Ball and Heart rivers and many of the 
smaller streams. They extend up the Missouri to within eight or 
ten miles of Washburn, where they disappear below river level and 
are replaced by the Fort Union. In this region the Lance forma- 
tion is seen to consist of three members: An upper massive, gray, 
brown and yellow sandstone about 100 feet thick; a middle mem- 
ber composed of dark shales with a few sandstone layers and having 
a thickness of 200 to 250 feet, and a lower member made up of 
shales and sandstones in alternating layers. This latter member has 
a thickness of 350 feet or over, and the maximum thickness of the 
entire Lance formation is probably not far from 700 feet in this 
area. 

Where the contact of this formation with the underlying Fox 
Hills is shown on the Cannon Ball river they are seen to be con- 
formable, and there appears to have been a gradual change from 
the marine conditions of Fox Hills time to the fresh water conditions 
under which the Lance beds accumulated, with continuous deposi- 
tion thruout. 

Along the Little Missouri river in the extreme southwestern 
corner of North Dakota, the Lance beds arc excellently shown in 
the bluffs and badlands bordering the valley. In going down the 
valley from Marmarth to Yide many good outcrops appear and 
one passes from near the base to the top of the formation. It is 
seen to be composed mostly of alternating beds of shale and soft 
sandstone, which have a notably dark and somber aspect in marked 
contrast to the yellow and light gray colors of the overlying Fort 
Union. The prevailing color is dark gray, but beds of brown car- 
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bonaceous clay shale are very common and conspicuous. The strata 
also contain much dark brown, ferruginous material, occurring both 
in thin seams and concretions, and fragments of them cover the 
slopes in many places. Great numbers of sandstone concretions are 
present, some eight or ten feet in diameter. Only thin beds of 
coal occur in the lower 300 feet of the Lance formation in this area, 
but in the upper portion thick beds of lignite are found in many 
places, as in the vicinity of Yule, where five or six coal beds are 
present. 

The basal beds of the Lance formation together with the Fox 
Hills sandstone are well exposed near Marmarth. The massive 
sandstone forming the top of the latter is seen to have undergone 
erosion before the deposition of the very carbonaceous and argil- 
laceous, brown and black sandstone which overlies it. There ap- 
pears to be an unconformity between the two formations, but the 
uneven surface of the Fox Hills may be due to the action of cur- 
rents in the shallow sea of this period, in which case no long time 
interval between the deposition of the sandstone and the overlying 
Lance beds would be indicated by the eroded surface of the Fox 
Hills. 

The fossils of the Lance formation consist of plants that Dr. 
Knowlton considers belong without question to a Fort Union flora, 
and the bones of dinosaurs, among which Triceratops and Tracho- 
don have been found in the Little Missouri badlands. A bed of 
oysters was also found near Yule. 

The Lance formation lies near the boundary line between the 
Cretaceous and Tertiary, and for many years there has been much 
discussion concerning the age of its beds. These have recently been 
carefully studied by the geologists of the United States Geological 
Survey and their investigations seem to show that in many places 
in Wyoming, Montana, and South Dakota where the contact has 
been observed ' the Lance formation rests unconformably on the 
Fox Hills sandstone.^ It has already been shown that on Little 
Beaver creek in Bowman County, North Dakota, the Fox Hills 
sandstone had undergone erosion before the deposition of the Lance 
beds, and altho it has been questioned whether this erosion repre- 
sents a long time interval, the relationship elsewhere suggests the 
probability of a true unconformity here. The Lance formation 



1. F. H. Knowlton, "Further data on the Stratlgrraphlc Position of the 
Lance Formation (Ceratops Beds)" Journal of Geologry, Vol. XIX, 1911, 
pp. 358-376. 





Fig. 2-The Tepee Butte bluff of the Little Missouri River 584 feet high, 
showing the dark colored upper member and tight colored typical Fort 
Union below. 
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everywhere passes conformably into the Fort Union above, so that 
on stratigraphic grounds it is more closely related to the Fort Union 
than to the Fox Hills. 

Its plants also indicate a close relationship with the Fort [ 

Union formation. According to Dr. Elnowlton 193 forms of plants 
have been found in the Lance beds, and of these, 84 species have 

been positively identified.^ Since the greater number of these plants \ 

(68 species) are common to the Fort Union, he considers the Lance 
beds the lower number of the Fort Union formation and therefore 
of Tertiary age. 

On the other hand, the Lance beds are regarded by Dr. T. W. 
Stanton as of Cretaceous age by reason of "the pronounced Mesozoic 
character of the vertebrate fauna with absence of all Tertiary t5rpes, 
and by the close relations of its invertebrate fauna with the Cre- 
taceous."^ But the more recent investigations referred to above seem 
to indicate that the unconformity at the base of the Lance forma- 
tion is not as unimportant as it was thought to be by Dr. Stanton 
and that it represents a very long period of erosion during which 
hundreds and, in places, even thousands of feet of strata were re- 
moved, and on the basis, therefore, of the stratigraphic evidence the 
Lance formation is closely allied to the Fort Union rather than the 
Fox Hills. 

But to whichever system it is ultimately referred, and at the 
present time there is considerable evidence that it is Tertiary, it 
constitutes a transition formation from the Cretaceous to the Ter- 
tiary. 

The Lance formation of North Dakota is the approximate 
equivalent not only of the "Ceratops beds" of Wyoming, but of 
the "Hell Creek beds" of Montana. It also appears to occupy the 
stratigraphic position of beds in other areas which have been as- 
signed to the Laramie formation, at least, in that it lies above the 
Fox Hills sandstone and beneath the Fort Union formation. 

TERTIARY SYSTEM 

FORT UNION FORMATION 

The Fort Union is one of the best known formations of the 
Northwest. It covers a vast area east of the Rocky Mountains, stretch- 
ing from Wyoming to the Arctic Ocean in the valley of the Mac- 
kenzie river, and including part of several Canadian provinces, much 

2. Proc. Wash. Acad. Sci. Vol. XI, No. 3, 1909, p. 219." 

3. Proc. Wash. Acad. Sci. Vol. XI, No. 3, 1909, p. 293. 
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of western North Dakota, eastern Montana, northwestern South 
Dakota and central and eastern Wyoming. 

The name Fort Union was first used by Dr. F, V. Hayden in 
1 86 1 to designate the group of strata containing lignite beds, in the 
country around Fort Union, at the mouth of the Yellowstone river. 
It is a fresh-water formation and is composed of clay shales alter- 
nating with soft sandstone and containing many beds of lignite. The 
Fort Union is remarkably uniform in color, composition and ap- 
pearance thruout the region under discussion. The prevailing color 
is either a light ash gray or yellow, but in places the beds are nearly 
white. The beds of the formation are well shown in the badlands 
on either side of the Northern Pacific railroad between Fryburg 
and Medora. 

Over a large area between the Missouri and Little Missouri 
rivers the Fort Union is formed in part of white sandy clays and 
very pure plastic clays, which differ from any of the beds found 
elsewhere. These occur in Stark and Dunn counties and adjoining 
portions of the surrounding counties, where they arc restricted to 
the tops of the higher ridges and divides, or to an elevation of from 
2450 to 2600 feet above the sea level. Near the eastern border 
they lie about 6cx) feet above the base of the Fort Union, and their 
maximum thickness is 150 feet. These white, sandy clays are well 
shown near Dickinson and Gladstone, and several miles north of 
Hebron. 

i The Fort Union formation everywhere contains numerous beds 

of lignite. These vary in thickness from an inch and less to thirty- 
five feet, beds six, eight and ten feet thick being common. Coal is 
much more liable to be present in the Fort Union than in the under- 
lying Lance formation, for the latter is practically barren of coal in 
many localities and over large areas. One rarely finds an outcrop 
of the former, where several hundred feet of strata are exposed, that 
does not contain at least one or more coal beds. The aggregate thick* 
ness of the twenty-one coal beds of southwestern North Dakota 
which are four feet and over is 157 feet. 

One of the most conspicuous features of the Fort Union is the 
vast quantity of burned clay or clinker produced by the burning coal 
beds. The heat has been sufficient to burn the overlying clays to a 
red salmon pink color, and in many places, to completely fuse to 
slag-like masses. The beds of clinker vary in thickness from five 
or six to forty feet or over, and some of them have been traced many 
miles in the bluffs bordering the valleys, and in the ridges and di- 
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Fig. 1 — A burning coal bed. The surface over the coal has seiiled many 
feet and the ground is broken by wide cracks from which gases escape. 
Typical Fort Union beds in background. 
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vides, while large numbers of the lower buttes are capped with 
these protecting layers. 

There are great numbers of excellent outcrops of the Fort Union 
beds in the wide belt of badlands bordering the Little Missouri val- 
ley from a few miles below Yule to the mouth of the river, a 
distance of nearly 200 miles. 

The maximum thickness of this formation is not far from iocx> 
feet in western North Dakota, but over most of the region it has 
undergone great erosion and from large areas hundreds of feet have 
been removed. It is only by the erosion of this entire formation that 
the Lance beds have been exposed, since the Fort Union formerly 
covered the entire region. 

The Fort Union beds, which are early Eocene in age, contain a 
flora of nearly 400 species, and a fauna comprising both vertebrates 
and invertebrates. 

WHITE RIVER BEDS 

The White River beds of the Oligocene occupy three small areas 
in southwestern North Dakota. They are found in White Butte, 
in southeastern Billings county, where they cover an area eight to ten 
square miles in extent, forming the highest portion of the divide at 
the headwaters of the North Fork of the Cannon Ball river and 
Deep and Sand creeks. In White Butte the White River beds are 
seen resting directly on the upper sandstone of the Fort Union. 

The formation is composed of white clays at the bottom, on 
which rest a coarse sandstone filled in places with large pebbles; 
this is overlain by about 100 feet of calcareous clays which in turn 
are overlain by more than 100 feet of fine-grained greenish sand- 
stone. These deposits represent all three divisions of the White 
River group, the lower or Titanotherium beds, the middle or Oreodon 
beds, and the upper of Protoceras beds. Another locality was dis- 
covered in 1905 by Mr. Earl Douglass in southwestern Stark county, 
where the White River beds form what is termed the "Little Bad 
Lands." From both these localities many mammalian bones were 
collected, includisg those of a rhinocerous and Mesohippus. 

The third area where the Oligocene occurs is on top of Sen- 
tinel Butte. The beds here cover only a few acres and are formed 
of calcareous clay and compact limestone. The latter contains the 
remains of two species of fresh water fishes. 
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QUATERNARY SYSTEM 

PLEISTOCENE DEPOSITS 

The Pleistocene deposits arc very different in origin from those 
thus far considered. Instead of being marine or ordinary fresh 
water sediments, they have been formed thru the agency of the vast 
continental glaciers which once covered the region. They present 
a marked contrast to the Cretaceous and Tertiary formations not 
only in origin but in appearance and mode of occurrence. The de- 
posits were formed long after the beds of the Fort Union or Oligo- 
cene were laid down, and many of the deposits overlie the earlier 
formations without regard to altitude, forming a mantle of varying 
thickness. 

LAKE AGASSIZ SILT 

This is the youngest formation represented on the map, and is 
confined to the Red River valley. This valley constitutes a well 
marked depression extending south from the basin of Lake Winni- 
peg as far as the South Dakota line and bordered on the east and 
west by land rising 400 to 600 feet above the bottom of the valley. 
Toward the close of the Glacial Period the great body of water which 
has been named Lake Agassiz occupied this valley and extended 
far north into Manitoba, having an area of 110,000 square miles, 
or more than the combined area of the Great Lakes. The lake came 
into existence when the continental glacier, during its retreat north- 
ward, gradually uncovered the broad depression of the Red River 
Valley and formed an immense dam of ice at the north which pre- 
vented the drainage of the melting ice from finding an outlet In 
that direction. As the ice sheet retreated the lake was gradually 
extended and continued to increase in size until its maximum area 
was attained. The rivers emptying into Lake Agassiz carried large 
quantities of sediment which were distributed by the waves and cur- 
rents and settled to the bottom to form the sandy clay or loam of 
the lacustrine deposits. These silts vary in thickness from a few 
inches to thirty or forty feet. When the ice finally disappeared from 
the Lake Winnipeg basin Lake Agassiz was drained and its bot- 
tom now forms the level and fertile plain of the Red River valley. 

GLACIAL DRIFT 

As was stated in the introduction, the Cretaceous and Tertiary 
rocks of North Dakota are for the most part covered by a mantle of 
drift, not shown on the map, and are thus concealed from view 




Fig. 1— Two coal beds in the Fort Union formation on Little Missouri 
rivei in northern Billings County. Upper bed is ten feet thick, the lower 
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except where exposed at the surface by the erosion of the overlying 
glacial deposits. The drift of the Red River valley is in turn over- 
lain by the Lake Agassiz silt. 

The only part of the state in which the deposits of the conti- 
nental glaciers are not found is in the southwestern corner, includ- 
ing most of Billings, Golden Valley, Bowman, Stark, Hettinger, 
and Adams counties, with a portion of Morton county. 

Two drift sheets are known to occur in North Dakota, an older 
and a younger. The older drift, which is referred provisionally to 
the Kansan, is found for the most part west and south of the Mis- 
souri river and in the northwestern corner of the state. The young- 
er, or Wisconsin drift, occupies most of the central and eastern por- 
tions of North Dakota. 

West of the Missouri river the glacial deposits are represented 
mostly by gravel and boulders, but in the area covered by the Wis- 
consin drift the deposits consist of a heterogeneous mixture of clay, 
sand, gravel and boulders mingled together in varying proportions, 
tho generally the chief constitunt is clay. The thickness of the gla- 
cial deposit varies widely, ranging all the way from a few inches 
to several hundred feet. It is the drift, left by the vast ice sheets 
which once covered the region, that has given rise to most of the 
fertile soils of North Dakota. 
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